We estimated the heritability of the ambulatory arterial stiffness index (AASI) obtained from ambulatory blood pressure (ABP) monitoring, recently proposed as index of arterial stiffness, before and after adjustment for significant covariates in 260 healthy siblings from 118 Swedish families. Both AASI and 24-h pulse pressure, another raw index of arterial stiffness, resulted to be significantly heritable both before and after adjustment for classical covariates, suggesting that both those indices are partially under genetic control and can capture independent information on inherited factors that contribute to arterial stiffness.
Although the ambulatory arterial stiffness index (AASI) is not universally accepted as an index of arterial stiffness, 1, 2 it was demonstrated to be highly correlated to pulse wave velocity, peripheral, central augmentation index, central pulse pressure (PP) 3 and associated with cardiovascular morbidity and target organ damage also independently of PP and other cardiovascular risk factors. 4 The aim of this study was to estimate the heritability of the AASI.
We collected 118 families from Malmö , Sweden which form the 'Malmö family collection for the study of Macrovascular and Hemodynamic Genetics' 5 and focused the analysis on siblings receiving no antihypertensive medication (n ¼ 260). An ABPM 90207 device (Spacelabs Medical Inc., Redmond, WA, USA) was applied on the left arm for ambulatory blood pressure (ABP) measurement. Daytime (one recording every 20 min) was defined as 0600-1000 hours and nighttime (one recording every 60 min) as 1000-0600 hours. From the unedited 24-h recordings we computed the AASI index for each participant. 6 Multivariate regression analysis was performed between AASI and potential anthropometric/demographic (age, sex, body mass index (BMI), waist) hemodynamic (24-h PP, 24-h mean arterial pressure (MAP), 24-h systolic blood pressure (SBP), 24-h diastolic blood pressure (DBP), 24-h heart rate (HR)) and metabolic (glucose, triglycerides, cholesterol) covariates using the SPSS software (version 12.0.1, SPSS Inc., Chicago, IL, USA). Heritability estimate was performed using standard quantitative genetic variance component analysis before and after adjustment for significant covariates using the 'SOLAR' software package (South-West Foundation for Biomedical Research, San Antonio; TX; USA).
Demographic, anthropometric and biochemical characteristics of the included subjects are presented in Table 1 dividing the subjects according to the median AASI value (0,33). In bivariate correlation analysis, AASI was weakly correlated with age (r ¼ 0.20; P ¼ 0.001), 24-h SBP (r ¼ 0.18; Po0.05), 24-h PP (r ¼ 0.27; Po0.001) but not with anthropometric, other hemodynamic and metabolic parameters. We also tested the correlation between AASI and the systolic and diastolic nocturnal BP dipping (NBPD) obtained by the ABP monitoring and found that AASI was inversely correlated with diastolic NBPD (r ¼ À0.28; Po0.001). In multivariate analysis including classical covariates age, 24-h HR and PP resulted to be independently related to AASI (see Supplementary Table) . When the diastolic NBPD was also taken into the model we found that it was independently associated with the AASI (Supplementary Table) . Before adjustment for significant covariates the heritability of AASI was 41% (Po0.009), which decreased to 28% (Po0.05) after adjustment for age, 24-h PP, 24-h HR and decreased even more after adjustment for NBPD to 22% (P ¼ 0.08). We previously estimated the heritability of 24-h PP to be as high as 63% after adjustment for age, sex, BMI and 24-h HR. 5 We reanalyzed 24-h PP heritability after adjusting it also for AASI to see if the significant heritability of PP is independent from that of AASI. AASI was independently related to 24-h PP (b ¼ 10.7, Po0.001). Then, as we did for AASI, we also tried to force the NBPD in the regression model and found that neither systolic nor diastolic NBPD was independently associated with 24-h PP. After adjustment of 24-h PP for AASI, age sex and BMI, the heritability decreased from 63 to 55% (P ¼ 0.0019).
The main finding of this work is that beside 24-h PP, AASI is also a heritable trait. Although a large part of the genetic variation and common household effects reflected by the captured heritability for AASI and 24-h PP is likely to represent the same inherited factors, our results suggest that each of the two surrogate markers capture independent information on inherited factors of importance for arterial stiffness. This would imply that AASI and 24-h PP reflect partially different aspects of arterial stiffness and that the power of genetic studies aiming at finding genes of importance for arterial stiffness would be significantly increased by including both of the two surrogate markers as phenotypes. There is still debate about the AASI being a real index of stiffness 1 and several authors have suggested that it is a ventriculoarterial coupling factor, related to vascular resistance, heart period, BP and its circadian rhythm 2 other than to arterial stiffness. Also our results support the presence of a link between the AASI and the circadian rhythm of BP suggesting that part of its heritability could be due to the heritability of diastolic NBPD. 7 On the other hand the AASI has been demonstrated to be highly related to pulse wave velocity 3 and to be an independent predictor of cardiovascular events. 4 We found age, PP, HR and diastolic NBPD as the only variables that are independently related to this trait, with no evidence of significance of metabolic variables. To this regard it should be noticed that our sample of subjects is quite young and determinants of arterial stiffness could change with the aging process especially for the modification determined by cholesterol or glucose levels. Furthermore, we cannot exclude that small but significant effects of metabolic variables would appear in a larger study sample that the one used in the present study. Other comments regarding our study are noteworthy. First, ABP measurements were carried out at 20 min intervals during daytime and 60 min intervals during night time. We defined the nighttime period arbitrarily rather than as the subjects' actual sleeping times so as to be able to preprogram the device with fewer measurements at night in an attempt not to disturb nocturnal sleep. This could have influenced the measurement of AASI leading to underestimation or overestimation of its heritability. Also other indices of arterial stiffness, such as central augmentation index, carotid distensibility, pulse wave velocity, have a significant heritability, [8] [9] [10] [11] and a locus on chromosome 2 has already been linked to pulse wave velocity. 9 Studies performed on animal models of essential hypertension and monogenic connective tissue diseases have highlighted the role of extracellular matrix signaling in the vascular wall beyond the effect of BP per se and in aortic wall tissues, the expression of 32 genes have been found to be associated with pulse wave velocity. 12 Thus, arterial stiffness seems to have a genetic component, which is largely independent of the influence of BP and other cardiovascular risk factors. 12 So far only a few antihypertensive drugs have been demonstrated to have an effect on arterial stiffness but therapies specifically aimed at improving it on top of their BP-lowering properties could be of clinical relevance. In conclusion, our study is the first showing that AASI, like 24-h PP is partially heritable and confirms that arterial stiffness is under genetic control. Genetic studies of AASI and PP may identify loci and gene variants of importance for arterial stiffness. This, in turn, would help in the discovery of molecular targets that can help us to better understand arterial stiffness pathophysiology and to develop new molecular target for cardiovascular prevention. What is known about the topic K Arterial stiffness is partially under genetic influence. K Other indices of arterial stiffness such as pulse wave velocity and augmentation index are heritable. K AASI has been found to be a potent predictor of cardiovascular mortality and morbidity.
What this study adds K This is the first report that AASI is a heritable trait. K It means that when you have a population ambulatory blood pressure monitoring in genetic studies, you can also have information about arterial stiffness obtained by the AASI other than by pulse pressure and make either linkage or association studies.
Abbreviation: AASI, ambulatory arterial stiffness index.
